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IHTROLUCTION 
I. 

The research on Kapalm conducted by Ferro Lrler and Chemicul Co. 
has covered the vhole menufrcturinf, process but hue concentrated on cer- 
tain pheses of production.    Though research on the various manufacturing 
operations ».as not conducted sequentially, nevertheless an examination 
of conclusionr. is most informative vhen the operational sequence is used 
as a guide.    For thir reason the report follov.s this outline: 

I. t«av materials Used. 

1« Aluminum Sulfate 
2. Red Oil ., 

II. Preparation of the Sodium Soaj. 

1. i.eic; Ratios 
Z. Soap Concentration 
S. Plant Control of the Sodium Soap 

III. Precipitation of the Najalm 

1. Required Type of Agitation 
k. Legree of V.ashini  Required 
S. Factors Influencing Oxidation of the 

Napalm. 

flj trying of the Haoalm. 

1. Proper Oven Conditions. 

V« Packaging of the tU.j&lm. 

1. moisture Sorption. 

VI. Application of Ma^alm Gel. 

1. Combustion of Gel. 

yil. Unmodified Naphthenates as Maaalm Substitutes. 

BESMfiia 
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ABSTRACT OF REPORT 

XX. 

I« Raw Materials Used. 

1. Aluminum Sulfate. It was found desirable to keep iron and 
manganese Bulfate at very low concentrations in aluminum sulfate to 
be used for Napalm manufacture but the use of sodium ferrocyanide to 
fix the iron in a Napalm insoluble complex is of great assistance if 
high purity aluminum sulfate cannot be procured. 

2. Listilled Red Oils having titres of from 5"to about 15° 
were determined to be quite satisfactory for Napalm manufacture. 

2L .Preparation of the Sodium Spaa. 

1. A 50 coco, 25 oleic, £5 naphthenic acid formulation appeared 
to be most satisfactory for napalm manufacture. The absence of olei^ 
acid caused poor adhesion of the gel and high naphthenic acid caused 
undesirable sintering of the soap during manufacture. 

2. h  12;* sodium soap was found most desirable for the precipita- 
tion of Napalm. 

S. Routine titrations can be used to determine the concentra- 
tion of sodium soap and the combined - uncombined NaOH ratio in the 
sodium soap so as to closely control the Wapalm. 

111.  Precipitation of flajalin. 

1. Propeller type agitation can be used very successfully in the 
preparation of Napalm if precipitation conditions are adjusted correctly. 

2. An initial separation of mother liquor aiter precipitation 
of the Napalm followed by on hour soaking in a 2,J solution of aluminum 
sulfate produced I'apalm as satisfactory as material v,hich had been very 
thoroughly cashed v<ith tap water. 

5. Several factors have been found to affect the length of the 
induction period of Napalm. Thus: 

a. A pulp of high pH had a considerably shorter 
induction period than one of lov. pH. 

b. A rise in temperrture from 160° to 195° F. 
reduced the induction period to HI - 2?5 of 
that found at the lov.er temperature. 

c. The use of 0.1,* r< - nciphthol in Napalm 
contributed excellent jrotection against aerial 
oxidation if oxidation catalysts such as iron 
soaps ».ere present in smell amounts. 

hLSTftlCTtl 
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2L 

d. Iron In a Napalm soluble form« as for example 
an iron soap, v.eo very much more active as an 
oxidation catalyst than insoluble forms such 
as the hydrate. 

trying of the Najalm. 

1. Trying experiments indicated a Napalm dryer would be 
satisfactory if the a ir stream had a linear velocity of approxi- 
mately 525 ft/min. and a temperature of 160° F. A cake depth of 
1.5 in. was satisfactory. 

V.   Packaging of the Naoalm. 

1. Packaging of Napalm should be as rapid as possible in 
order to avoid excessive moisture pickup. 

2L Application of Kaoalm gel. 

1. The addition of magnesium or B powder, Thermite, or Thermite 
and magnesium povder to 8.J Napalm - gasoline gels did not improve eom- 
bustability or flame temoerature.    Combustion of the metal v.as incom- 
plete and occurred only v.hen the gel had almost ceased burning. 

VII.      unmodified Fa^hthenateB as Najalm Substitutes. 

unmodified aluminum naphthenates were prepared and examined to 
determine whether they showed any advantages over Napalm as gasoline 
gelling materials.    Though certain naphthenates appeared as satisfactory 
as Napalm there were no clear cut advantages apparent.> 

Bjgiasia 
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I. F\ai ..aterirls Used. 

1. i.luminum Sulfate. 

Larly in the Rapula program It appeared doubtful \ hether 
aluminum culfate could be obtained which was sufficiently low in 
iron to be satisfactory. It \ as considered, and later corroborated, 
that the fixing of the iron as n compound insoluble in Rspela \ ould 
greatly oiminish its activity as an oxidation cttalyst. The addition 
to the eluminum sulf'r.te solution of sufficient sodium ferrocyanide 
to fix the iron present and leave a 100/-> exces.:. v.os found to stabilize 
the Napalm to aerial oxidation on drying and during subsequent storare. 
The Prussian and Turnbull ulues formed fixed the iron (as hi:h H 
0.£5^ v.as used) very well in i.cid solution and any subsequent Decompo- 
sition in the alkaline sodium soap produced relatively inactive hydrate. 

Z.  Red Oil. 

Throughout a pert of the reuetrch prüft— 8 - 10° titre dis- 
tilled Red Oil v.as in free supply and v.as used to produce satisfactory 
Napalm. Commercial production war then cnanred to a 10 - 1£° titre 
product. To determine the effect of such ■ chanre a 10 - 12° titre 
Red Oil war chilled anr separated into a fraction liquid at 5° C. ona 
another fraction solid at 5° C. These vere incorporated in representa- 
tive 50 - £5 - 23 !:;■.palm formulas and the followin* results secured.: 

Red Oil 
Fraction 

Consistency 
150° <!4 hr. 

Consistency 
ft. T. <£  hr. 

Liquid 5° 

Solid 5° 

C00 

G40 

9C5 

950 

Prom this it is apparent that moderate chan.-es in the titre of 
the red oil used does not affect the consistency of the Kapalin thou£h 
the particle size of the precipitate docs become smaller as the titre 
rises. 

r.LLTLICTLL 
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II.   Preparation of the Sodium Soaa. 

1. i'cici Ratios. 

The moat commonly uEed Napalm formula contained 50* coconut 
fatty acids, 25,o naphthenic acids, and 25^ oleic acid. Keeping all 
precipitation conditions the ss-ne but reducing the oleic an«-, coco 
acid content and raising the naphthenic txid content v.cs found to 
produce soaps which sintered much more readily than regular Rvpmla. 

Complete sintering seemed to develop the maximum pasoline sol- 
vation and setting time. '. hether it MM composition, temperature, 
or compression which brought about the collapse of particle voids, 
the solvation and setting; time ves greatly extended as compared to 
the type readily permeated by solvents. 

The following table indicates the chanje in properties brought 
about by removing oleic acid from the formulation: 

Coco % 
Oleic % 
Naph % 
Caustic 
48 hr. 
7 day 
24 hr. " 
Set 

Comments 

70 75 65 

150£ 

SO H 55 
20.5 te.8 26.5 

475 515 495 
560 565 ".05 
505 555 495 
lo.5 min 6.0 min 14. £ min 
^oor ^oor foor 
i ohesion adhesion i.dhesion 

2. Sodium Soap Concentration. 

There appears to be a definite disadvantage in operating at 
very low sodium soap concentrations. The following table indicates 
the change in the strength of gels prepared from the finished R| palms: 

Cone. Sodium Consistency 
ic4 hrs.^ 150° 

Consistency 
48 hrs. 3 R. 

12p 
8.1 
45 450 

700 
660 

A3 the soap concentration increased the particle size of the 
precipitated Napalm also increased. 
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g. Plant Control of Sodium Soaj. 

In order to check an alkaline sodium soap to determine the 
combined - uncombined NaOH rr.tio, tvo simple titratione can be used 
as an excellent control. 

Titration to jhenolphthalein with strndnrd aeic In the pre- 
sence of neutral ethyl alcohol at least equal in volume to the final 
volume of *ater present measures uncombined I-'aOH. Titration to methyl 
orange with standard acid, v.hile holding the sodium soap neat the 
boiling point measures both combined and uncombined NaOH. If both 
titrations are based on the same weight of sample, it is possible to 
calculate the concentration of sodium soap in the solution from the 
combined alkali titration one' the ecid value of the acid fixture used. 

The ratio of combined NaOH to free i<:tOH is calculated an follows: 

HC1 Titration of total NuOH - HC1 titrt.tion of free I'aOH = ratio 
MCI titration oi free MuOH 

Thus any chanpe in a predetermined ratio con be chucked and 
•rrora corrected at an early stufe in the process. 

RESTRICTED 
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III.      Precioit&.tion of Mapalm. 

1. Required Tyje of imitation. 

In checlunr the effects of agitation it vac fount that in- 
creasing the rate of agitation during precipitation caused u decrease 
in settin    time.    However, by rr.ising the temperature et vhich the 
aluminum joaj is precioitrted the settin,   time may be lengthened though 
not nearly enough to offset the effects of rapid agitation. 

The degree 01 agitation during the final stage of precipita- 
tion i. of special importance since a great deal of aggregation occurs 
in a very short time at this point.    If the agitation is too great, 
fine particles form,  if too ölo\., large atgregates form \hich are diffi- 
cult to disperse. 

Luring plant operations it was found that when either two 16" 
two 14", or one 14" ind one IG"  propellers rotating at 550 R. P. ..1., 
v.ere placed in 03 many as 15 different positions on a shaft mounted 
centrally in a 7 ft. diameter tar.k the percentage of particles through 
40 mesh only varied lrom ;   to 9. 

2. legree of Yashin*  hec:uired. 

After the precipitation of "ftfltla the hycrated pulp is v.ashed 
to a greater or less degree to remove sodium, aluminum and/or double 
salts and any unreacted sodium-soa-> in the precipitate.    It has been 
the experience of the Ferro group that more effective than washing to 
remove occluded sodium soap is the treatment vith dilute aluminum 
sulfate after an initial separation of high salt content mother liquor. 

The following data concerns I'apalm precipitated usinf   spray 
aluminum sulfate,  the Napalm bein/* treated as indicated after an ini- 
tial separation of mother licuor: 

Consistency 
Type 'ireatment i.4 hrs. B 150° 

No treatment 465 
15 min., b0u F. alum 585 
45 min. 80° F. 600 
2 hrs. 80° F. 550 
E hrs. 150° r. 540 
4 hrs. 80° F. II \l 550 
6 his. 80° F. 1 it 600 
20 hrs. 80° F. 1 11 600 

There v.as no further v<ashing after the alum solution Y.as 
drained av.ay. 
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To determine whether Napalm v.as harmed by the presence of 
substantial amounts of the salts left «hen Napalm was not «ashed ex- 
tensively a regular Napalm pulp was treated as noted in Table I.  It 
is obvious that ordinary ilupalm is but slightly sensitive to the 
salts present vihen only moderate «ashing is practiced. 

5. Factors influencinc oxidation of Napalm. 

It «.as considered the rate of oxidation of Na oalm, as in many 
organic reactions, mifht be dependent on changes in the pH of the 
pulp, nature of the oxidation catalysts present, etc. To folio», the 
aerial oxidation of the Ilapalm, iodine numbers »ere determined ut 
regular intervals, the induction perioe beinp taken as the time to 
reach the point at '..hlch the iodine number started to drop. 

Napalm of the folio«!nf composition was used for the v.ork 
summarized in 'table II. 

50,* Coco iicid («hole nut rrade, E. F. Ire«) 
25* Üleic (distilled 8 - lo° titre, Century Stearic) 
25,' Ilaphthenic (itanco rectified) 
5.7,'i Al(/luninum Sulfate, Iu?ont Victory Orcde) 

The oxidation tests «ere run in insulated pipes through «hieb 
air at 160° F. of ambient relative humicity v,as passed at a linear 
velocity of 500 ft./min.    The Eujclm was dried in 3/4 inch layers In 
screen trays lined vith cheese cloth one ell Espalm «as screened to 
pass 10 mesh.    \ et napalm (50,J HpO) var< char^ec   and observed to dry 
satisfactorily in the period previous to initial sampling, i. e., £4 
hours.    Thereafter the material «as well mixed at each sampling. 

The conclusions t.hlch crn be drav.n from the data presented in 
Table II folio«: 

a. The oxidation apparatus gives reproducible results 
as indicated by the good checks on the induction periods 
of Batches N03.  ?.G5 and 266. 

b. The lenfth of the induction period of Napalm appears 
to be a function of the pH of the vet pulp.    Thus, slight- 
ly acidic pulp from flo. 501 had an induction period about 

SO,' longer than the some pulp which was slightly ulkoline. 

e. The rate of oxidation of Napalm changes vary markedly 
«ith chantes in temperature.    Thus, a rise in temperature 

RESTRICTED 
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Iron loO to 135° F.  reduces the incuction perioö 
to (1 - Z:;j of that found at the lov.er temperature. 

d. The use of antioxidants,  so Ion;   os the/ do not 
function t.s peptizinj  agents in th<- concentrations 
used, np>eer to improve oxidation  resistance markedly, 
u. 0.  J. i,5 is useful, /lphanil csnists conr.icerably, 
v.hiie   ,-*   - naphthol is tr—udeudly    potent in pre- 
ventirif   oxidation. 

e. .'ny evaluation of the effectiveness oi an. tioxi dents 
shoui«.  be so conducted that the air streams pcssin^ 
over  various S£ iples do not nix.    It appears steam 
cistillrtion curing fie initial dryinj   stage can vapor- 
ize antioxirant fron one  sample onto another enc-   so 
modify tht oxiiation of other sen lies. 

f. Iron in a fori.i soluble in iiap&lu, as for  example, 
an iron soap,  is very active ss an oxidation catalyst 
whereas ;JI insoluble fota such as the oxic.e is relative- 
ly inert.    From i. production anf.le this means that iron 
can  be tolerated   to some degree in  the fatty acids used 
to form the alkaline sodium 3oaps out is very deleterious 
if present in the aluminum sulfate. 

The table belo*   summarizes the data OP i»apalm prepared using, 
virtually the sane fonnulr as given above.    Though very substantial 
quantities of oxidation catalysts are present,   the pels prepared from 
the soap are c.uite satisfactory thus confirming the expectation th?t 
soaps very susceptible to oxidation can be  satisfactory until  their 
induction period is exceeded,    ihe NapeIn prepareu from alum contain- 
ing iron saltu oxidized extensively on storüge. 

Mum Cone. 20 £0 £0 20 
Son p Cone. 6 8 e 8 
.'recip. Temp.°F. 90 90 90 30 
Set Time, min. 5.0 5.0 5.5 9.0 
Consistency 
46 hrs.* R.I. 7G5 560 <&5 910 
Consistency 
7 days "  a.T. 715 610 6fO 
Consistency 
.t hrs."' 150° 375 560 705 
t> ivietal Aoded 0.05,3 o.io;; o.so;, 0. ~0/o 

Cu Cu *e *e 
How Aooed To To To To 

<ilum iilum Have i lum 

ht.bThld'lLL 
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IV.        trying of the Na,»lm. 

1. .'ro,3er Oven Conditions. 

Initial v.or'c on drying indicated that Depalm coulö be dried 
in 15 to £0 hours at 1G0° 7. vhen the moisture content of the pulp 
was between 50,".' anc< 55,* and the cii.ze depth 1-1/2 inches. 

The effects of initial noirture content, CMCC depth, and air 
velocity are shown in the following table. 

No. Semple      trying *f!me Air Velocity       Cake ,^ I'ree £ on 
rirs. ft/min. Lepth        HgO 9 6 mesh 

i.tart 

16.5 
16.5 
1G.5 
16.5 
21.0 
SI.O 
19.0 

^5 
Btt 

:;g5 
or O 
;?5 
H5 

1.5" 56 
1.5" 51 
1.5" 59 
1.5" 57 
2.0" 40 
£.0" 47 
1.5» 5C5 

Ce. 
10 
10 
10 
10 
10 
35 Ca. 
10 Ca. 

All camples dried 0 180° in cloth bottom tray. 

From thi» aata it appears that high air velocities are unnecessary, 
since a 50,"! increase pave ■ decrease in drying tine of only 15,J. 
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V. i'ockrEin" of  the tla.ir.lm. 

1. i.oisture Eorotion. 

Lo thnt a bettor iceu mij.ht be obtained of the difficulties 
to be met in the pluit keeping the moisture coi.tent of the lapala be- 
low 0.6,1 tiie following moisture sorptioi c"ntr »PS obtained. 

H.  = 50:i Temp 8C° F. 

t'eriod of Porous Hcpalm 
Lxposure 1/0" Layer 

Porous Nepela 
1" Lay FT 

V i treouc 
l!a jalni 
1/L" Luyer 

5 min .£2$ 
15 min .511 
?0 min. .s?,-: 
35 min. .68g 

.li; 

.:-6:'. 

.58:: 

.E12 

.43,: 

.es;. 

.69.1 

This extreme ttjrgroBOOplolty maker operations especially diffi- 
cult in hiunid v.ecther. 

hLSTtaCTLT 
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VI. Application of Vu. 'aim Gel. 

1.  Coi.ibistior of Gel. 

I'i en effort to improve the coi.'busttbility of Rapaln Gel, 
other aatarlala «are Lnoorporetec with tvic gala enc1 flaue tempera- 
tures öot^^.id'ut? by use of  Lta. opHeel pyrometer.    OoncMtlons for 
all  'esls -.ere kept co:st nt, nc   triplicates  .n ei eh teiies i.ere 
run v,1th the raaulta Et; c'iov.i Lelov •- 

.iateri al 

Lrthicken ed Grtiolino 
Gel + V' :,'. kg. 
Gel + u ■»6- 
Gel + 2* Kg. 
Gel + Tncrmi t 
Cel + 1.' '-.p.. 1,    .ihermi t 
Gel + :i iteadar 

.'.vert',-e Mart 
Tem.ierati re ° P. 

^trai{,ht B,J Gol 

£01-6 
Ü0J.6 
£040 
E040 
5.030 
COLS 
«.0£3 
?o:3 

«tvarega Burning 
T1 mo in  se?onr':.', 

ior. 
11 z 
116 
lc3 
102 
114 
116 
118 

In each crse the rcsoline in  the Rapala pel burneo almost 
completely before £.ry co.ncvstion of metvl occurred.    .• cletcrminMtion 
of the temper; tu re oi  the {el inMci.tec it rent.inec  close to room 
temperature until virtually ill the solvent vas evaporated because 
of the coolinj   effect of the evaporation.    Comuustion ol met;;l ».as. 
almost nil bee; use of the loi. temperature in th'.   pel and the sealin; 
effect of the soap. 
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VII. Unmodified Hajhthflaatftl as Bfefljla Substitutes. 

Early in the research on the iit-vlm type of soaps it be- 
came apparent that Sorption of raoisture und   the oxidation of the 
acid radicals ;ere two frctors v/hich mcrhedly affected the charac- 
teristics of the SOO.JS.    oecause commercial naphthenic acid contains 
only small amounts of readily oxidiiable uns: turuted compounds end. 
substantial amounts of natural antioxidants, unmodified aluminum 
ntphthenate might be expected to sho\. consider: bly greater resist- 
ance to aerici oxio; tion than laptla containing no aaded antioxiotsnts. 

The relative merits of the tv.o kinds oi" soap, now that an 
antioxidant has been included in  repultr I'apalm, is not taiorn. 

To secure a better icec. of the advantages of the unmodified 
naphthenates as compared to Napalm,  some of the factors involved in 
producing the former \ere investigated.    The results of this vork is 
reported below. 

Lav. Materials,    unless othenise noted the rav. nottrialc used, 
met these specifications.! 

1)  Ma.jhthenic i-.cic,  £44 A.  V. 
Supplier - Bid. of Oal. 
Acid Value - »146 
Sap. Value - £43 
Iodine Value - 9.5 
Color - Lark amber 
,j Fe - 0.0£ 

") Haphthenic /-eld CGI *.V. - Stanco rectified. 
Supplier - Stanco listributors 
/iciA   Value - £59 
Sup. Value - ?:S3 
Iodine Value - 8.9 
Color - PfcU x'ellov, 
,1 fe - 0.00^ 

BmBIfiHE 
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8) Aluminum Sulfate 
Supplier - General Chemical 
Fe - 0.015 
tan -      0.004 

4) Caustic Soda 
Supplier - Michigan Alkali 

1) frejaretion of Soaps of Variable basicities. 

A series of aluminum na Jhthenates were prepared in v.'hlch 
the free caustic content of the soaps v.as grr.eut.liy increosed. The 
data on these batches arc summarized in Tcble III.    It is believed 
the difficulties met in the plant then handling an aluminum naphtiie- 
n&te prepared from u soda soap less basic than ebout 300 g CaOH/1000 
£ ccic- \ oulc" nip'te such a product undesirable. 

Eoth the naphthenic nciös pioouced soaps which were satis- 
factory »hen the basicity i.as hi(h enough.    There v,as little apparent 
difference in their resistance to sintering during drying. 

?) Variation of Concentrations. 

Eat» in Ttble IV pertains to soaps prepared by varying the 
concentration of reuetonts, the: temperature of precipitation, ana in 
one ease, the time of addition,    ihe conclusion-s reached folio*.: 

u) The aluminum sulfcte solution concentration is 
best maintained at 50 - 44,J to secure :- satisfactory 
particle size. 

b) A 15,J sodium coup seems preferable to lover con- 
centrations if very fine particles are to be avoided. 

c) The precipitation temperature must not be too 
lo» if fine p.-. rticles ure to be avoided. 

5) Con tine ments. 

Hyörated aluminum naphthenutevhich exhibited some tendency to 
fua« during the drying process ues corted v.ith 5,1 a)  starch and b) 
3£5 i.i talc.    Etcrch mode the sticking during drying more severe and 
talc helped only a small amount. 

4) From the experience gained in preparing the other naphthe- 
nates, stone's rd precipitation conditions tere established end three 
batches of 310, 41?, and 518 g N^UH per 1000 g acid ?.ere prepcred from 
each naphthenic acid.    These batches were ctrefully cried, screened to 
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pass 6 r.t,redried and bottled.      These socos vere used for further 
testing and the consistencies of their b,'. • ela vhen dispersed in 
S. Ü. I. test gasoline are tabulated in jajle V. 

5) Moisture Sorption.    It vas considered of interest to 
note whether the unmodified n^.ahthenoter. sorbed moisture as rapidly 
and to the st.me degree as ordinary tiup&lni.    The moisture absorption 
rates noted in  »cble VI verc determined usinf. l/lin la/erB of 
material exposed under s If .tic conditions at 60° F. &5,J P.. II. 

6) Gener-.l Characteristics.    Ch:.r~cteiir.tlcE of the unmodi- 
fied naphthenntes which have been investier: ted only briefly are 
as follovsi 

a) burning hates. Light percent Nu.xlm and straight 
aluminum naphthent.te ^els were burned and the burninf 
rates found to be comparable. 

b) Lxtenslbility.    ri!->e extensibility of the aluminum 
ne.jhthenf.te gels';ppei»rs comparable to th:>t of iJepelm. 

c) Cohesion.    Cohesion in small size containers offeis 
no treat difficulties thoufh it mijht caust trouble v.ith 
ler^e packeges.    L cot ttnf  acent for the dried, naphthe- 
nate v.ould probibly help considerably. 

d) Oxidation.    The induction periods? of all of the un- 
modified rluminum nrphthen&tcs »ere not determined be- 
cause of loc': of time but there v.ould seem to be little 
reason, to suspect susceptibility to oxidrtion. 

7) Sese rch or. the solve-1 ion ntec of certrjn eluminum 
naphthenates (ZL0 £ •'•■• Oty^'OO £ -OL . .V.) Indictee t'.iat the- set 
and solvetion time in -. U. L. gisoiir.e i.us relatively insensitive 
to temperature over t!ie rin,:e "öu b'.  to 90° t.  though the .oagnitude 
of the set and solvation tiuies . rs rather lsr. e.    To check the 
characteristic: . t very lot   tenpet; turet the nu ihtheru*te mentioned 
above v... s screened to   >r.s^ >C» H t:nt- aiCed  to f.asoline at - 10° F. 
Apparently there is m ; brupt change in solvation n te lor the soap 
had ev.ellec   to only h.If the totel volume in i - 5 hours.    figures 1 
and 2 illustrate the change j;j set anc  soxvation time and the spread 
between the tvo for the uost satisfactory rluminwn m-phthenutes. 

flLali.IliTEL 
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Thouth edditional work is yet to be done on the unraocilleti 
aluminum na.ihthenr.te6,  research has progressed far cnou.-h to indi- 
cnte soaps of idecpjate physical characteristics cnc retiofrctory 
gasoline fellinf ibiiity can be prep; red in the 1; bor tcry. urther- 
more, the characteristics of the soaps pre so close to those of 
the Ilepalm type them  shoulc be no unusucl production problems. 

Sintering of particles during   the c'ryir.;   process Right 
introduce more grladiaf difficulties than are ;?.et proöucir.(  hftp&la, 
but close control during precipitation vil^ minimise such troubles. 

The r-^ )hthenates   >re x.red at Ferro 'i:ve shorn no unusual 
gellinj   properties but when pro >erly formulatec  appeared rs cs-tis- 
factory äs Nftpala«    Thus, though the oxioation resist vce of the 
t\.o types of eoops h've not Deer compared extensively, it \. oulc seem 
the greatest advantage of the unmodified naphthenatr-s ley in thelt 
oxioetlon reeiütent structure. 

iiut'ior i A" 
...  a.  tliiott 

fupervisor. 
G. H. ..:crt:ftyre      ,7 

V 

fvLLTFJGTLt 

. 



RESTRICT!* 

r 

"lioLb I. 

Effect of Salts on Napalm Gel Strengths. 

iJlnrt  uttch ,.45£ - iJ.i MaplM cirieä et ".ame huminity, 
trie Temperature. 

Treatment % % 
-* 

y» 2 hr. ZA hr. «i hr. laap. 
il HJ>° »4 1.0 3 150° 150° 77° üpre^ü 

-3ltnt batch 
Regular 
Treatment 5.61 .3?!      2.85      .67      810 C-44 846 M 

Plont Batch 
Vatheo for ?0 
min. in running 
water 5.5? ,?P      1.22      .26      819 785 841 56 

:'lant batch 
\ ashed 30 min. 
Soaked 50 min. 
in 20,- NaiS04 
Solution 

Plant Batch 
'. ashed 50 min. 
Soaked JO min. 
in ."  solution 
containing 10/» 
Ke?S04 + 10" 
fluia 

4.85 .55      9.41      5.9      757 

5.37 .68      10.02    2.4      740 

770 

672 

744 

»98 68 
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Table IV. 

Effect of Precipitrtion Conditions on 
Aluminum Hc.phthenates. 

G.  KOH/ 
lüOO g 
Acid 

Precip. 
Tenp. 
• F. 

Lode 
Soap 
Uonc. 
* 

Hcph 
Acid. 
A.  V. 

Alum 
Sulf. 
Cone. 
i 

Time 
to 
Precip. 
Mn. 

Precipitation 
Characteristics. 

510 74 15 246 20 44 Very soft 
and mushy 

310 80 15 £46 i.0 45 Vet-,/ soft 
ami mushy 

510 35 13 E46 20 IF. Very fine 
unsatisfactory 
pr.rticle. 

510 95 15 246 SO 50 »'article size 
j OOG . 

510 78 9 246 4< 20 Very fine un- 
set! sfactory 
particle. 

41* 86 15 246 44 20 Good part-size 
Ai rt-soft. 

412 90 15 246 44 2.0 Part size. 
Slifhtly better 
than 66°. 

516 98 15 246 44 20 Purt. Soft, 
hart' to filter. 

516 120 15 246 44 20 Part,  fine but 
filtered 
easily. 

I rying 
Characteristies 

Sintered  oat'ly 
broke up easily. 

iried to  .   h\ ro, 
brittle niass. 

Coi.lt   be  broken 
■lth Difficulty. 

Could  be broken 
v.lth cifficulty. 

Could bo broken 
v.ith greet 
difficult/. 
Coulc  be  broken 
»i th | rer t 
cifficulty. 
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'i-tble VI. 

■ ioistxre Sorption - Uniiiodii'i ec Aluminum tU.phthenates. 

G NrOH/ 
1000 g Acid 

% Hj-0 
1 >eif 

Soroed- 
ht Gain 

:.5 
hr  . 

1.0 
■'rs. 

1.5 
his. 

2.0 
hrs. 

15.0 
hrs. 

fleph 
;■.. v. 

310 0.14! 
0.052 

0.04E 
0.044 

.244 259 

412 0.177 
0. 07o 

0.0<5S 
0.057 

,274 £59 

516 0.176 
0.084 

0.067 
0.070 

.574 259 

510 0.076 
0.043 

0.033 
0.041 

.257 246 

412 0.095 
0.047 

•J.04G 
0.05G 

.32C- 24 

510 0.1SE 
0.074 

0.0G7 
0.060 

.376 243 
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